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Quick-Freezing and Food 
Preservation 


N March of last vear, Clarence Francis dis- 
cussed the history of food) preservation 
before Princeton University as a member 

of the Guild of Brackett Lectures. Mr. Francis’ 
was a fascinating duty, his research was inten- 
sive and his presentation most instructive; he 
thoroughly convinced his audience of the re- 
lation of food preservation to their daily com- 
fort and well being. 

It is our privilege to go a step further than 
Mr. Francis in discussing the means whereby 
the objective is attained and the materials re- 
quired. Obviously, the Petroleum Industry 
becomes a partner, for the necessary mechan- 
isms can be made to function dependably only 
by positive lubrication of their working ele- 
ments. 

Food preservation is a function of refrigera- 
tion and cold storage. There was a time when 
“old-wives” tales warned against this latter; it 
was believed that it did something to the prod- 
ucts being stored. Probably so, in those early 
days of an industry, where control of tempera- 
tures was relatively inaccurate; where trans- 
portation methods were so slow as to permit 
of preliminary fermentation before the products 
even went into storage; and where the average 
length of time from source to market was so 
much longer than it is today. 

But research and the chemist have freed us 
of those worries. We have learned of the cell 
structure of all foods subjected to quick- 
freezing; we know of their relative rates of 
evaporation and oxidation; and our knowledge 
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of ferments and enzymes is extensive. So by 
planning our freezing and storage procedure as 
the chemist dictates, and utilizing the methods 
of developing cold which the engineer has per- 
fected, we can eat our oysters in August and 
strawberries in January with complete assur- 
ance that they could be no better than were we 
to take them straight from the beds at the 
height of their respective seasons. 

The process involved is unique in that it has 
required microscopic study of cell contents and 
the rate of crystallization. All foodstuffs con- 
tain moisture. The basis of satisfactory preser- 
vation is the congealing of this moisture to 
crystalline form to retard dehydration and 
fermentation. When relatively large crystals 
are formed in the cell structure, the latter may 
be ruptured, in which case, defrosting will dis- 
turb the natural texture of the product to 
affect the flavor. 

The slower the freezing process the larger the 
crystals. This fact formed the basis upon which 
research covering quick-freezing was founded, 
coupled with the fact that heat-transfer by 
conduction is more rapid than by convection. 
So our modern quick-freezing processes are 
based upon contact chilling rather than gaseous 
or liquid cooling. 

Quick-Freezing is definitely allied to the Ice 
Industry. By their mutual expansion they 
have demonstrated the versatility of ice as a 
medium for food preservation, and the am- 
monia compressor for freezing purposes. 
Through the perfection of the several methods 
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of quick-freezing, we have in turn reverted to 
a dependence upon the ice machine for locker 
preservation of our perishable foodstuffs. 

Ice is manufactured by mechanical refriger- 
ation—mechanical in the sense that the com- 
pressor is a mechanism which involves the 
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The extent to which oil carry-over will occur 
depends in some part upon the refrigerant 
under pressure. Ammonia is capable of a more 
or less physical mixture with hydrocarbon 
lubricating oils. Other refrigerants, also, require 
very careful consideration from this point of 








Fig. 1—A battery of Birdseye quick-freezing units. 
wherever packing is to be done. At the same tim 
of piping and auxiliaries. 


principles of mechanics in its operation. These 
same principles of mechanics apply to quick- 
freezing, with the same basic refrigerants. 


How Low Temperatures Affect 

Lubrication 

The lubricating engineer becomes interested 
in this quick-freezing process by reason of the 
low temperatures which must be developed to 
attain the desired degree of freezing within the 
time specified for the food products under 
treatment. This may require minimums as low 
as 45 to 50 degrees below zero Fahrenheit. In 
cooperation with the petroleum chemist, he 
must provide oils for compressor lubrication 
which will give dependable protection and _re- 
sist carry-over with the refrigerant to the heat- 
exchange parts of the system. As this heat ex- 
change subjects any oil present to quite as low 
temperatures as are brought about by expan- 
sion and evaporation of the refrigerant, the 
oil must contain no component which will con- 
geal in sufficient volume to remain on the 
expansion valve or within the evaporator. This 
will cause faulty operation of the valve and 
reduce the subsequent rate of heat transfer in 
the evaporator. 





These are all portable and therefore lend themselves to trat sportation 
,arelatively permanent set-up can be 


established if desired wit! roinimuns 


view—notably the fluorinated and chlorinated 
*“Freons,” Carrene and Methyl chloride. These 
refrigerants, however, tend to reduce the 
viscosity of the oils with which they go into 
solution. Oil-refrigerant mixtures are hard to 
break even with the most efficient oil 
arators available; hence the usual precau- 
tions to keep the components apart wherever 
possible. 

In quick-freezing refrigeration, we are chiefly 
concerned with ammonia. With this chemical, 
oil trap or separator installations can be more 
practicably designed, for the oil is present in 
the high-side in the liquid phase, although it 
may be in very finely dispersed form. Liquids 
can be more effectively separated or precipi- 
tated from gases than from liquids. 


METHODS AND MATERIALS 

The installation required has been designed 
to embody the principles of portability. Vege- 
tables, fish and certain meat products are 
seasonal; they do not conserve their flavor if 
allowed to age, hence they must be quick- 
frozen as soon as possible after harvesting or 
dressing. Fish, peas, shell food and = straw- 
berries are especially perishable. So the freezer 
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compressor as emploved in the frosted food industry. 


removable safety heads and valves 





practiced. For the benefit of the layman, such 
a system includes a compressor, oil separator, 
condenser, receiver, expansion valve, and an 
evaporator or refrigerator. 

In the compression process the refrigerant or 























Courtesy of Baker Ice Machine Co., Ine. 
The very low temperatures of 
specially refined quality oils. The above is of interest as it 
1, the discharge and suction valves; 


7, the shaft packing; S, the double trunk-type pistons; 9, the piston 
1, and 12, the connecting rods; 13, 


14, the oil pump and 15 


the oversize bearings 


cooling agent is recovered after each expansion 
by means of mechanical compression. With 
certain variations in construction and arrange- 
ment of equipment, the compression process 1s 
adaptable to any one of the modern accepted 
refrigerants. 

In service, the gaseous refrigerant must be 
sufficiently compressed and cooled to convert 
it to liquid form. Under compression alone, it 
will still remain as a gas due to the fact that the 
application of pressure raises the temperature 
above the liquefaction point. So some form of 
condenser is necessary. 

Prior to condensation, however, the gas is 
usually passed through a suitable oil separator 
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must be brought to the source rather than the 
product to the freezer. 
This feature of portability is a definite ad- 
] vantage to the packer. Normally in setting up 
such a plant, he is only concerned with power 
da 
sc 
1e 
Oo 
LO 
p- 
Pig. 2--Cutaway of a Baker ammonia 
- operation require careful attention to lubrication and the use of 
er shows the details of the oiling system. 3, shows the 
» the honed cylinders; 6, the three-bearing crankshaft; 7 
rings: 10, the piston pins and bushings; 1 
ly and 16, the oil filters and reservoirs 
il, 
re and water supply. It may prove a headache 
in to the lubricating engineer, however, due to 
it cooling water temperature conditions as dis- 
ds cussed elsewhere. Furthermore, he must  pro- 
»i- vide for wide (and perhaps temporary) dis- 
tribution of his specialty refrigerating oils for 
compressor lubrication. Both fortunately are 
quite practicable. 
ed ’ 
nn Compressor Design 
ire The vertical, reciprocating, enclosed trunk- 
if type refrigerating compressor so familiar in the 
‘k. manufacture of ice is quite generally used for 
or quick-freezing and for maintenance of the re- 
a quired cold conditions in locker storage. In 
er other words, refrigeration by compression. is 


or trap in an attempt to free it of any excess 
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lubricant that may have passed over from the 
compressor cylinders. From the oil separator 
the hot refrigerant then passes to the cooling 
coils of the condenser, where its temperature is 
sufficiently lowered by means of air or cold cir- 
culating water to convert it to liquid form. It 
is then capable of cooling. 
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pansion valve, and without deposition in the 
evaporator. This requires an oil which is virtu- 
ally free from water and one which shows a 
sutficiently low pour test to assure of only the 
necessary amount of paraffinic hydrocarbons to 
give balanced lubricating ability. The viscosity 
should normally range from 150 to 300 seconds 

Saybolt Universal, according — to 














compressor. 


between refrigerated flat metal surfaces such as belts or plate s. 


On the frame base, under the cabinet is located the compressor; motor, condenser, 
hydraulic lift cylinder, hydraulic oil tank and pressure pump direct connected to a ! 


H.P. motor. 


This latter is brought about by passing the 
refrigerant through an expansion or regulating 
valve to the evaporating side of the system. 
Here, by virtue of a considerable drop in pres- 
sure, it evaporates and takes up heat, returning 
thereafter to the gaseous state. In so doing, 
it cools down to a relatively low temperature, 
and as a result, absorbs heat from the material 
to be cooled or frozen. The refrigerant is then 
returned to the compressor for repetition of the 
cycle. 


How Quick Freezing Temperatures 
Affect Oil Selection 


By reason of the unusually low temperatures 
required in quick-freezing operations the com- 
pressor oil should be capable of meeting these 
without congealing or ice formation at the ex- 





Courtesy of Frosted Foods Sales Corp. 
Fig. 3—Showing a Birdseye Frosted Foods portable quick-freezing unit complete with 
ec This is a cabinet type froster containing five compartments and five trays. 
rhe Birdseye process consists of freezing packaged products under controlled pressure 


compressor design and the operat- 
ing conditions. 

The other physical characteristics 
are of little concern to the operator; 
they have no bearing upon the 
lubricating ability of a refrigerat- 
ing compressor oil and may only be 
indicative of the type of crude from 
which the oil has been produced. 
We might, however, except the flash 
point, which may require consider- 
ation in quick-freezing service where 
single-stage or booster compressors 
without intercoolers are employed 
under which conditions the com- 
pression temperature may approach 
250 degrees Fahrenheit on the dis- 
charge side. Even this, however, 
should not cause any concern in 
normal service for the flash point of 
the average high-quality compres- 
sor oil will be about one hundred 
degrees higher. As ordinarily un- 
derstood, the flash point is a rough 
measure of evaporation. 





The Liquid Inter-Cooler 

The use of a liquid inter-cooler 
between compressor stages is very 
beneficial on a two-stage machine, 
or where a booster compressor is 
used in connection with an existing 
refrigerating machine. This liquid 
inter-cooler desuperheats the dis- 
charge gas of the booster or the 
low pressure stage, thus allowing the succeed- 
ing compressor cylinder to operate at greater 
efficiency and maintain a lower final discharge 
gas temperature than wovld otherwise be 
possible. 

Some refrigeration instaliations use single 
stage compressors over a wide range of com- 
pression ratios, with the inevitable high tem- 
perature discharge gas due to such design. If, 
in order to obtain low temperature evaporator 
conditions, a booster compressor is added to 
this system without the use of a desuperheater 
or inter-cooler, the temperature of the final dis- 
charge gas may be so high as to cause carboni- 
zation of the lubricating oil. A parallel of this 
may be seen in air compressor service where 
inter-coolers are used to prevent excessive 
discharge gas temperatures. 
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Potential Extremes in Temperature 

In any refrigerating system care must be 
taken to obtain a proper economic balance be- 
tween the initial cost of the equipment and the 
prevailing operating costs. Any reciprocating 
compressor is limited in its capacity by the 
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tively With the added pre« 


maintained, 


volumetric efficiency of the machine and its 
relation to the ratios of compression through 
which the compressor operates, Le., the greater 
the ratios of compression the lower the volu- 
metric efficiency. It can, therefore, be seen that 
a point can be reached in the scale of compres- 
sion ratios at which the compressor will have 
no capacity whatsoever, due to the re-expansion 
of the gas filling the clearance volumes. The 
engineer therefore seeks to overcome this prob- 
lem by the use of multiple stage compressors 
wherein two or more compressor cylinders are 
used in series; each compressor cylinder com- 
pressing the gas to a pre-determined range of 
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compression ratios. No fixed rule may be laid 
down as to the most economical compression 
ratio since each problem involves its own pecu- 
liar variations such as percent clearances of the 
compressor, its general design, and the operat- 
ing conditions. It is sufficient to say, however, 
that attention should be paid to multiple 
stage compression when the compression 
ratios exceed 5 or 6. 

Another point which requires careful 
consideration is the matter of lubrica- 
tion of any single-stage unit where the 
discharge gas temperature is relatively 
high. The higher the compression ratio 
in a given installation the higher will be 
the discharge gas temperature, with a 
possible approach to the point where the 
lubricating oil may undergo some partial 
distillation. This latter will ultimately 
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of Carhondale Division 


Worthington Pump & Machinery Corp. 


Lubrication details of the Worthington-Carbondale vertical, duplex, double-acting enclosed crankcase refrigeration 
By pressure lubricating the bearings and cylinders independently, control of oil flow to the latter can be posi 
aution of filtering the crankcase oil, protection against contamination is attained. 


result in carbon residue accumulations and in- 
crease in the normal viscosity of the lubricating 
oil. All these objections may be more or less 
overcome by using a properly designed booster 
or multiple-stage compression system together 
with a suitably refined oil. This design will 
subject any lubricating oil carried over by the 
discharge on the high side to lower tempera- 
tures than experienced in normal single stage 
refrigeration service. 

A booster compressor added to any existing 
refrigerating system merely creates a multiple- 
stage system, permitting the attainment of 
lower temperatures in any connected evapora- 
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tor. A booster may be applied to a single stage — often difficult. But a slight variation in the rate 
machine, as well as to a two or more stage ma- — of cooling or the least agitation or stirring may 


chine with equal success, if practicable en- affect the results materially. Even the pre- 
gineering and economic principles are appre- heating of a sample, by carrying it in a closed 
ciated. ear on a hot summer day may throw the sub- 
The booster compressor system is no 
. licated tl her re ® 
more complic ated than any other re- | 


frigerating cycle. It is only important © 
to recognize the higher discharge gas 
temperatures and the necessity for their — - 
proper desuperheating before introduces 
tion to succeediag stages. The booster s 
compressor may be of the reciprocating, Sen 
rotary or centrifugal type compatible fl 
with engineering design and the lubri- (| t 
‘ating problems. The latter differ but 
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Significance of the Pour Test q 


How a petroleum oil will behave when ‘ 
it is subjected to low temperature con- W 
ditions has led to considerable study of 
the methods of test to enable accurate 
determination of the temperature at i AE, 
which congealing begins and fluidity is Said 
retarded. This knowledge is obviously of en 
advantage to the chemist who is con- ms (OP a one 
cerned with the manufacture of refrigerat- : 
ing oils, and to the operator who must ~y 
put them into application. The Ameri- . 
can Society for Testing Materials has 
established standard methods of test in 
this regard, and noted certain significant 
factors which may affect the test.* PBN 
The physical effect of temperature is 
an interesting phenomenon when con- ‘ 
sidered with respect to various fluids. Door q 
In the ease of petroleum oils it is not the . 7 
same as with the more simple fluids such 
as water, aleohol or glycerine. These all 
have fixed and accurately ascertainable 
freezing points at which a complete 
change from the liquid to the solid phase 
takes place. Petroleum oils, being com- 
plex combinations of hydrocarbons of 


various melting or freezing points, be- oes  —_— —_ ey aaeemens 


have like solutions and frequently certain 

of these constituents will congeal as the Tn al ——————— = 

temperature is lowered, before solidifi- 

cation of the entire mixture. 5 Fig. 5—Details of the Vilter “Pak-Ice” machine. In addition to lubrication of the ref 
lhese are interesting phenomena which cated chain and gear mechanisms. Unit lubrication is provided for with complete coveraté 

‘an only be explained by change in the 

inner or molecular structure. They are the rea- sequent laboratory results off to some extent. 

sons why such infinite care must be taken in In other words, the pour test is only of com- 

observing the pour test of an oil under stand- parative value due to the methods of test being 

ardized conditions, and why the obtaining of | designed to cover a variety of variables. 
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check results by different laboratories is so It is especially important for the laboratory 

———— to avoid stirring or agitation while cooling as 
* The Significance of Tests of Petroleum Products, A report juli 7 f | i] 1 ‘ ae } tl 

by Committee D-2, American Society for Testing Materials, 1937 movement of the oil dest roys or changes the 
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fine network of microscopic particles of paraf- 
finic bodies which are separating out. Authori- 
ties feel that an oil which is stirred will solidify 
at lower temperature and hence show a false 
pour test. 

The American Society for Testing Materials 
offers an interesting significance to the pour 
test from an operating viewpoint, viz.: “The 
pour point gives an indication of the tempera- 
ture below which it may not be possible to 
pour or remove an oil from its container, or 
below which it might be dangerous to use the 
oil in gravity lubricating systems, where the 
head tending to produce flow is small. How- 
ever, it should be borne in mind that the size 
and shape of the container, the head or force 
exerted upon the oil, and the nature of its 
physical structure when solidified, all have an 
effect upon its tendency to flow. Accordingly, 
it is self-evident that no single test can be de- 
vised which can be taken as a positive and 
direct: measure of the performance of an oil 
under all conditions of service, and the pour 
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storage service, requires consideration of the 
oil viscosity from a constructional and operat- 
ing viewpoint. The oil is not subject to appreci- 
able viscosity-reduction when mixed with the 
refrigerant, as occurs with the chlorinated or 
fluorinated types of refrigerants; so we are not 
concerned with the film strength. 

Oil film formation and maintenance on cyl- 
inder walls and bearings, however, are of vital 
importance; the viscosity has a direct relation 
thereto. It is a definite factor where enclosed 
crankcase, high-speed machines are used in 
connection with evaporating systems which 
may allow liquid refrigerant to return to the 
As a rule, oils should be used 
which will stand considerable churning in the 
presence of the refrigerant and a certain amount 
of water. 

The one oil often lubricates the entire ma- 
chine. As a result, it must be capable of serving 
both the evlinders and the bearings. It should 
not emulsify to any great extent, for this might 
result in clogging of the lubricating system or 

impairment of refrigeration should it 
work past the piston rings and over to 


compressor. 
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the refrigerating side. 

The physical condition of the valves, 
piston rings and stuffing boxes must also 
be considered in deciding upon the vis- 
cosity of oil to use. Practically as im- 
portant as its lubricating properties will 
the and = compression-forming 
ability. If the evlinder walls and moving 
parts are in first-class condition, a straight 
mineral oil of from 150 to 200 seconds 
Saybolt viscosity at 100 degrees Fahr., 
should give adequate lubrication. 

On the other hand, in large machines, 
or those where the cylinder walls are 
scored or rings are worn, an oil of higher 
Viscosity may be essential to maintain 
the requisite seal and degree of compres- 
sion. Under such conditions an oil having 
a viscosity around 300 seconds Saybolt 
at 100 degrees Fahr., should be satisfac- 
tory. 


5 


be seal 





i 


———— 


a 


x 


=> 
—— 











a 


> 


Valve Design 


Changes in compressor design over 
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recent years have lead to conditions in- 








Courtesy of The Vilter 
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ng parts to protect the lubricants, 


test should be regarded as giving only an indica- 
tion of what may be expected.” 


Viscosity a Function of 

Operating Conditions 

Lubrication of the ammonia compressor as 
designed for ice making, quick freezing or cold 


or 
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Manufacturing Company 


nt, one must consider the grease lubricated sleeve and roller bearings, and oil lubri 


volving a variety of lubrication problems 
which were not prevalent theretofore. In 
this regard, valve design must be care- 
fully considered, viz., when we dealt with 
compressors equipped with poppet valves, 
clearance spaces were held to a minimum. The 
use of plate valves today, however, requires 
the separation of the plates with grid work; it 
is this latter which necessarily imposes an 
added clearance volume in the head of the 
machine or at the top of the piston. 





In operation, with the older type poppet 
valve machine (especially in vertical location), 
if the expansion valve was slightly overfed and 
liquid ammonia reached the machine there 
might be a great deal of slamming of the head, 
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this will bring about pre-cooling and serve as 
an auxiliary evaporator of any entrapped 
liquid. 

An opposite condition prevails, however, 
where a flooded system is so arranged that the 


The Lubricating System 
on Large Frick Enclosed 
Compressors 1s Excep- 
tionally Complete, Eflec- 
tive, and Thoroughly 
Reliable 





a: | 
oeiiy, Py 
Mime 888 | Hf 
+ Sys —. P 1 
4S 
f At 
iv 
DRAIN VALVE FROM CRANK CASE 
Courtesy of I k Company 
Fig. 6—These details of the base of a Frick comoressor are especially interesting as they indicate the features of the lubricating system, 
the piping and the course followed by the oil. ‘The latter is in constant circulation, and make-up can be charged without stopping the 
machine. 


which would make sufficient noise to alarm the 
attendant and cause him to cut back on the 
expansion valve. With the grid type valve, 
however, a large quantity of refrigerant can 
pass through the machine without any appreci- 
able knocking or noise, and the condition can 
proceed without even attracting the attention 
of the attendant. The net result of large quan- 
tities of liquid refrigerant passing through the 
compressor is the lowering of the temperature 
of the cylinder walls to a point below which 


condensation takes place upon the. slightest 
compression. 
With refrigerants such as ammonia, con- 


densation on the wall of a verticai cylinder 
washes the lubricant from the cold side and 
scoring of the surface or wear of the piston 
rings results. This condition does not apply 
as actively to a horizontal machine for the 
reason that the refrigerant in nearly every case 
enters at the same end at which it is discharged 
and therefore, the cold fluid is more or less im- 
mediately mixed with the remaining hot gas 
in the compressor. The obvious remedy for 
such a condition is to locate some form of suc- 
tion trap in the suction line which will lower 
the velocity of the incoming gas and cause it 
to trap out the liquid. Such a trap should be 
provided with a small coil through which the 
refrigerant may be passed on its way to the 
evaporator from the receiver or condenser; 


gas velocities are very low. In this case the 


gases arrive at the machine comparatively 
highly saturated. This, in turn, results in a 


lower discharge temperature, and if the lubri- 
cant is not of sufficient’ lubricating ability 
under such conditions, it may not be able to 
protect adequately the eylinder walls and rings 
against abnormal wear. When the amount of 
superheat in the suction gas is sufficiently great 
to cause extremely high discharge temperatures 
(as might occur where the ratios of compression 
are very great), a desuperheater can be located 
adjacent to the machine to reduce the tempera- 
ture of the incoming gas to a point nearer to 
saturation, and two-stage compression can be 
adopted if required by conditions. 


Effect of Cooling Water Temperature 
Quick freezing may require exacting duty 
from the oil used for compressor lubrication, 
according to the temperature of the cooling 
water. The latter will have a definite effect 
upon the discharge temperature and hence the 
amount of heat to which the lubricating oil will 
be exposed on the cylinder walls and during 
the course of carry-over by the refrigerant. It 
is important to consider this detail when select- 
ing the oil, whenever one is dealing with the 
popular type of portable quick freezing unit. 
In this consideration, we must remember that 
the process is applicable from the Gulf Coast to 
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Canada. Obviously, water conditions will, 
therefore, vary widely, for the well water of 
Maine will be much cooler than the normal 
river or stream water of Florida; and in between 
these ranges there may be almost as much 
variation according to the source or amounts 
of water available. For most effective compres- 
sor lubrication, an inlet cooling water tempera- 
ture approximating 50 to 60 degrees Fahr., is 
very desirable. This will enable adequate heat 
transfer and yet, not too high an outlet tem- 
perature. The latter is desirable where cooling 
towers or heat exchangers must be employed 
to enable re-usage of the water supply. 

So the compressor oil may have to meet al- 
most automotive conditions on the high side, 
and vet possess ample fluidity at temperatures 
as low as minus 50 degrees Fahr., to insure 
against congealing in the evaporator or at the 
expansion valve. 


The Oil Characteristics 

The Petroleum Industry uses the utmost 
care in selecting their crude oil stocks to attain 
the latter objective. Resistance to breakdown 
under high temperature conditions in turn is 
assured by the use of selective solvents for re- 
moving the unstable hydrocarbon components 
during the course of refining. The result has 
been the development of a series of processes 
capable of producing a type of refrigerating oil 
today so superior to the product the oil in- 
dustry could offer but a decade ago, that there 
is no comparison. 

This superiority is evidenced to the re- 
frigerating plant operator by more dependable 
performance, resistance to gum formation and 
the normal absence of an excess of objection- 
able deposits. 

The chemist denotes this superiority by 
comparing physical specifications, and the use 
of certain accelerated breakdown tests. These 
latter are based upon resistance to oxidation 
and normally subject the oil to controlled and 
elevated pressure and temperature conditions 
in an atmosphere of oxygen. If such an oil will 
resist the precipitation of sludge or gummy 
matter under such conditions, practical experi- 
ence has indicated it will function satisfactorily 
in the presence of any of the refrigerants 
generally used today. In other words, the oil 
will meet the requirements of the refrigeration 
industry. The operator must respect these facts 
when selecting his compressor oil. Then he 
must go a step further and look into his operat- 
ing conditions, with full appreciation that lubri- 
cation of the refrigerating compressor is unique 
in that the effect of petroleum oils upon parts 
not requiring lubrication is quite as important 
as the lubricating ability. In other words, he 
must look beyond the compressor and consider 


ATION 


what may happen if his oil becomes so sluggish, 
when carried over by the refrigerant to the ex- 
pansion coils, as to congeal therein and reduce 
the rate of heat transfer and the refrigerating 
capacity. This requires knowledge not only of 
the pour test of the oil he may be considering, 
but also the minimum temperatures which 
may prevail in the evaporator. 

When refrigerating oils are subjected to ex- 
tremely low temperature conditions, wax de- 
posits may be developed. This is a natural 
phenomenon with any petroleum lubricant, 
although some can withstand lower tempera- 
tures better than others. 

It is advisable to be aware of this possibility 
when handling any refrigeration system and to 
be informed of the most practicable method of 
preventing wax deposits from becoming detri- 
mental. There will be some refrigerating 
engineers who will contend that it is the duty 

















Courtesy of Frick Company 

Fig. 7—Sectional view of the Frick force feed oil pump showing gear 

assembly and ball checks. This pump draws oil from the bottom of 

the crankcase through a screen, passing it thence to the bearings under 

pressure of from 15 to 25 pounds above the suction pressure of the 
ammonia. 


of the petroleum industry to so refine their 
refrigerating oils as to preclude this possibility. 
Such a procedure is quite practicable, but costly 
and not at all essential. 

It is far better to consider mechanical means 
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of preventing the oil from reaching the evapora- 
tor where its wax content might be most harm- 
ful. 


How the Oil Separator Serves 

the Purpose 

The oil separator is a most effective medium 
in this regard. This unit should serve to re- 
move any particles of oil from the refrigerant 
while it is in the gaseous form, after it has left 
the compressor. The larger the oil particles, 
and the lower the velocity, the more effective 
will be the separator. It should, therefore, be 
located at a sufficient distance away from the 
compressor to permit of adequate precipitation 
of the oil. The capacity should be ample so that 
the velocity of the gas passing through (as 
already stated) will not be too high; further- 
more, it should be capable of taking an over- 
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the condenser. In certain machines, a drain 
valve also may be installed below the condenser 
to enable removal of any oil that may have 
passed the separator. It should never be set 
too near the compressor, otherwise the rush of 
hot gas will prevent proper condensation and 
collection of the oil. 

Oil vaporization is always a possibility due to 
the heat of compression which prevails. The 
resultant vapor will tend to pass into the system 
with the refrigerant, to condense and remain in 
the colder parts, unless it is removed before it 
enters the condenser. In consequence, the 
separator should be located as close to the 
condenser and as far away from the compressor 
as possible. It should also be of sufficient size to 
allow of ample reduction in the velocity of the 
gas to permit of effective separation. A smaller 
separator located some distance from the com- 
may often prove 
more effective than a large 
separator located nearby. 

Where the main oil sepa- 
rator can only be set ad- 
jacent to the compressor, 
it is well to use an oil of as 
low an atomizing tendency 
as possible. This) property 
will usually accompany high 
viscosity. The choice of a 
heavier oil would, there- 
fore, solve the problem to 
some extent. In general, an 
oil of a viscosity of from 200 
to 300 seconds Saybolt at 
100 degrees Fahr., will be 
suitable. 

The efficiency of an oil 
separator can be checked 
by comparing the amount 
of oil removed from it with 
the amount fed to the com- 
pressor. Any extensive dif- 
ference would indicate that 
the oil is not being entirely 
removed or trapped. —Al- 
lowanes, of course, should 
be made for oil leakage 
around the stuffing box, al- 
though to just what extent 
this may oceur will depend 
on the individual installa- 


pressor 








Courtesy of The Vilter Manufacturing Co. 
—The Vilter booster compressor unit as designed to apply ammonia to quick-freezing opera 
The function of this type of mechanism and its lubrication has been discussed in the accom 


Fig. 8 
tious 
panying text. 


load, should an excessive amount of oil be fed 
to the compressor. 

The oil separator functions at its best when 
it is placed between the discharge of the com- 
pressor and the point of entry of the gas into 


tion, the care given to 
lubrication, and the original 
viscosity of the compressor 
oil. Water cooling has 
proved advantageous in improving separator 
efficiency. 


Methods of Lubrication 
Of necessity the design of the lubricating 
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system on the type of compressor employed in 
quick-freezing or cold storage food preserva- 
tion service will depend upon the size of the 
installation. Very often it is self-contained, 
although the mechanical force feed lubricator 
is quite as applicable as a built-in 


pressure system, especially where — 


the plant is permanent. In addition, 
we have another alternate in splash 
lubrication—also a type of built-in 
method of oil distribution. Splash 
lubrication is best adapted to the 
vertical compressor; force feed, how- 
ever, can be appled to either the 
vertical or horizontal machine. Re- 
gardless of the actual means of oil 
circulation, however, it is obvious 
that the system involved for the 
lubrication of compressor cylinders 
stuffing boxes and enclosed bearings 
will have a decided influence upon 
the grade of the oil that should be 
used. 


Splash Circulation 

Oil is distributed by splash at 
each revolution of the erank, the 
level in the crankcase being main- 
tained just high enough to permit 
the crank to dip and splash the neces- 


test there will be possibility of its congealment 
within the system, with reduction in the 
amount of refrigeration developed as already 
intimated. Even with rings in good condition 
oil pumping may develop if liquid refrigerant 
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sary amount of oil to the cylinder 


walls. Continued operation will re- his, 9 Thy 
ith trozen foo 


sult in the erankease being filled pressure) and re 


with a lubricating vapor above the 

main body of oil which will insure adequate 
lubrication of main, wrist pin and crank pin 
bearings. 

The oil level must never be too high. This 
requires careful attention especially when re- 
charging the case with oil. If too much oil is 
used, churning by the crank will cause violent 
agitation in the main body of oil to oftentimes 
preclude effective precipitation of any solid 
impurities that may have gained entry. There 
would also be possibility of loss of lubricant 
past the piston rings, with subsequent entry of 
an excess of oil into the condensing and evapo- 
rating parts of the system. The rate of heat 
transfer might thereby be affected. This will 
be apt to occur more actively wherever the 
rings may be loose. Here, if the crankcase 
contains too much oil or agitation is too violent, 
the excess which naturally will reach the eylin- 
der walls will tend to work past the rings, just 
as so frequently occurs in an automobile en- 
gine. This is often termed oil pumping; it is 
not only wasteful, but also a detriment, for oil 
in the refrigerating lines will impose an added 
load on the oil separator. Furthermore, if by 
chance the oil is not of sufficiently low pour 






Courtesy of Bal Ice Machine Con pany, Ine. 


ype of Baker large capacity ammonia compressor as used In connection 


from a booster Compressor (at low 





ompresses it for condensing purposes. 


is carried over to the eylinders from the 
evaporator. 

Use of excess oil in a splash lubricated sys- 
tem will also involve the possibility of difficulty 
when draining and cleaning, especially where 
sludging has taken place. Continued churning 
of improperly refined oils will cause sludge 
formation. In part, this is due to oxidation; it 
will be most probable where water is present 
or the oil is laden with very much foreign 
matter, such as dirt, metallic particles, or 
carbon. Regular periods for cleaning must 
therefore be established with study of the con- 
dition of the used oil, for this will very often 
indicate both the approximate suitability of 
the latter and the extent to which effective 
lubrication is practicable. 


Pressure Systems 

Where larger types of vertical or horizontal 
refrigerating machines are involved, pressure 
lubrication is used with marked success. Pres- 
sure assures of quite accurate control of the 
amount of oil delivered to eylinder walls and 
compressor bearings. There is another ad- 
vantage also; ie., the possibility of effective 


[131] 








LUBRICATION 


filtration or purification of the oil where there 
is provision for circulation. 
Mechanical Force Feed Lubricators 

External lubricators of this type are exten- 
sively used where compres- 
sor cylinders only are to be 
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are more positive and require less attention on 
the part of the operator. 

Vertical compressors of the enclosed crank- 
case type are most suitable for automatic con- 
trolled systems, which are usually of compara- 





pressure oiled. — Excellent 
economy will be attained by 
regulating such lubricators 
so that just enough oil is 
delivered to maintain the 
requisite lubricating films, 
with the least amount of 
excess. 

On many types of ma- 
chines, it is good practice 
to lubricate internal and ex- 
ternal parts individually. In 
other words, using the me- 
chanical lubricator with 
perhaps three outlets for 
evlinder and. stuffing box 
service, and an independent 
gravity or mechanical pres- 
sure circulating system for 
all external bearings. 

Mechanical force feed 
lubricators are especially 











adapted to evlinder and rod 
lubrication via the oil lan- 
tern, or oil recess within the 
piston rod stuffing box. By 
properly constructing a stuffing box with a 
lead to come from the lubricator, it is possible 
to operate the piston rod continually through 
a ring of oil. In this way, effective rod lubrica- 
tion, as well as sealing against pressure, are 
maintained. 

To lubricate the evlinders in addition, in 
some designs it is only necessary to deliver a 
certain excess of oil to the stuffing box lantern 
and provide a so-called overflow pipe to carry 
this to the refrigerant suction line adjacent to 
the cylinder. In effect, this is similar to the 
principles of steam cylinder lubrication, the 
refrigerating gas being impregnated with 
vaporized lubricant prior to its passage through 
the compressor. 

Hand pump oilers can also be used for this 
purpose, but mechanical force feed lubricators 


Fig. 10 
frigeration service, 
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Courtesy of Carbondale Division 


Showing a Carbondak 
Phis unit is also adapted to service asa low pressure ammonia booster 


Worthington Pu mp & Machinery Cor poration 


Vertical, duplex, double-acting compressor in food market re 


compressor 


tively small capacity, also systems where very 
little attendance is available. In the vertical 
machine the side thrust is taken directly by the 
cylinder wall which tends to make the eylinder 
wear to oval shape. This thrust varies at dif- 
ferent points of the stroke so that the wear on 
the cylinder wall is not even over the entire 
stroke. 

Horizontal compressors on the other hand 
have connecting rods two or three feet longer 
than vertical machines, and the component of 
thrust at right angles to the travel of the piston 
is far less in a horizontal machine. This thrust 
is taken up by the crosshead guides which are 
readily accessible for adjustment. The only 
wear in the cylinder therefore is caused by that 
part of the piston weight which is unbalanced 
by the pressure of the guide and long stuffing 
box. 
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